SUMMARY
Following a request from the European Commission, the Scientific Panel on Biological Hazards (BIOHAZ) was asked to assess the relative public health impact if a new target for reduction of Salmonella is set in fattening turkey flocks being 1 % or less remaining positive for all Salmonella serovars with public health significance, compared to (1) the theoretical prevalence at the end of the transitional period (1 % or less flocks remaining positive for Salmonella Enteritidis and/or Salmonella Typhimurium), and (2) the real prevalence in 2010 reported by the Member States (MSs). This external scientific report describes the work conducted in order to support the BIOHAZ Panel in answering this request.
A turkey-target source attribution model (TT-SAM) was developed to provide estimates for the quantitative contribution of turkeys and other major animal-food sources to the estimated true burden of human salmonellosis in the EU. The mathematical model was based on the so-called microbial subtyping approach, which allows for distinguishing between the different Salmonella serovars. The basic principle is to compare the serovar distributions observed in different animal-food sources with the serovar distribution found in humans. A similar model has previously been applied to answer an equivalent question for Salmonella targets in the broiler production.
The TT-SAM model employed the following data: (i) the results from the harmonized EU monitoring in turkey, broiler and laying-hen flocks in 2010, (ii) the results from the EU-wide Salmonella Baseline Surveys on slaughter pigs, (iii) the reported cases of human salmonellosis in EU in 2010 as provided by the European Centre for Disease Prevention and Control (ECDC), and (iv) the amount of each food source available for consumption by MS as estimated from different data sources on production, import and export. The model included data from 25 MSs, four animal-food sources (turkeys, broilers, laying hens and pigs) and 23 individual serovars. To take account for differences in underreporting of human salmonellosis cases, MS-specific underreporting factors were applied in the model. Some sources of Salmonella (e.g. cattle/beef) were not included in the model due to lack of data. The possible influence of this is discussed. First a baseline model applying reported prevalence data from the harmonized monitoring in turkey flocks in 2010 was developed. Then in order to answer the Terms of Reference, seven different scenarios, where the combined prevalences of specific serovars were changed, were developed and the results compared to the results of the baseline model.
The results of the baseline model indicated that 2.6 % (95 % CI: 1.2-5.2) of all human salmonellosis cases (i.e. estimated true number of cases when accounting for underreporting) in the EU were attributed to the turkey reservoir. This corresponds to 135 100 (95 % CI: 60 790-293 600 human cases in 2010. Around 63 % of the turkey-associated human salmonellosis cases were caused by serovars other than the currently regulated serovars S. Enteritidis and S. Typhimurium. Four serovars (S. Kentucky, S. Saintpaul, S. Senftenberg and S. Kottbus) had turkeys as the most important reservoir for human infections.
For the other animal-food sources included in the model, the attribution estimates were that 56.8 % (95 % CI: 48.2-65.8), 10.6 % (95 % CI: 5.1-18.3) and 17.0 % (95 % CI: 11.3-24.0) of the estimated number of human salmonellosis cases could be attributed to the pig, broiler and laying-hen reservoir, respectively. However, when looking at the relative risk between turkey meat and the other three sources weighted by the tonne of meat/eggs available for consumption, this picture changes, indicating that the risk of infection for the individual consumer is highest when consuming shell eggs closely followed by the consumption of pig meat, whereas the risk is lower for turkey and broiler meat.
For the scenario analyses, the largest reduction was found for the scenario, where the overall prevalence (i.e. the combined prevalence of all serovars) in turkey flocks per MSs is reduced to 1 %. Here a reduction in the number of turkey-associated human cases of 83.2 % (95 % CI: 79.0-87.4) compared to the baseline model was estimated. In absolute numbers, this corresponds to a reduction of 112 300 (95 % CI: 50 410-243 400) human salmonellosis cases. Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 0.4 %.
A combined prevalence of the top-6 serovars in turkeys that contribute most to human cases is reduced to 1 % or less in turkey flocks per MSs gave the next largest reduction in the number of turkeyassociated human cases of 37.2 % (95 % CI: 19.2-54.0) compared to the baseline model. In absolute numbers, this corresponds to a reduction of 48 110 (95 % CI: 22 580-100 500) human salmonellosis cases. Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 1.7 %.
The least reduction was obtained in the scenario, where the achievement of the current target of the EU control programme of Salmonella in turkey flocks would be met. This analysis resulted in an estimated reduction in the number of turkey-associated human salmonellosis cases of only 0.4 % (95 % CI: 0.1-1.3) compared to the baseline model. In absolute numbers, this corresponds to an estimated reduction of 594 (95 % CI: 121-1 901) human cases. Since, all MSs except one have already met the transitional target, this result is not unexpected.
Several assumptions and factors contributing to the uncertainty and validity of the results are discussed. These include the variability in the human surveillance systems in place in the countries as well as the different details with which serovar information is reported in both humans and animalfood sources. Such uncertainties cannot be statistically quantified, but should be kept in mind when interpreting the results.
The lower attribution estimate obtained for the laying-hen reservoir (i.e. shell eggs) by the TT-SAM model as compared to previous models is supported by data, since both the reported number of cases in EU (particularly S. Enteritidis cases) and the prevalence of Salmonella (particularly S. Enteritidis) in laying hen flocks have been decreasing from 2008 to 2010. The improved surveillance and control of S. Enteritidis in laying hens in many MSs is assessed to be responsible for a major part of this reduction.
The conclusions also emphasise that the reduction of the overall burden of human salmonellosis must be expected to change the attribution estimates, particular the relative estimates, following the logic that if one or more sources contribute significantly less to the overall burden other sources will contribute relative more. The high relative attribution estimate obtained for pig meat by the TT-SAM model, is believed to be partly explained by this.
Despite data limitations and the resulting uncertainty in the results, the source attribution estimates are considered to reflect the best current knowledge about which sources are most important for human salmonellosis in the EU, and highlight differences in the contribution of different food-animal sources for disease and on the efficiency of surveillance systems in place in EU MSs. The results are expected to be useful for the delineation of risk management strategies.
The report concludes with a number of recommendations, one of them being that based on the model results, pig meat is likely to be the most important source in a majority of MSs. Harmonised monitoring and control of Salmonella in pigs and pig meat should therefore be considered. Table of The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. A similar question for flocks of breeding and fattening turkeys was received by EFSA in June 2010 (EFSA-Q-2010-00899). Specifically, the EC has asked EFSA to assess the relative public health impact if a new target for reduction of Salmonella is set in fattening turkeys being 1 % or less of flocks remaining positive for all Salmonella serovars with public health significance compared to:
BACKGROUND AS PROVIDED BY EFSA
the theoretical prevalence at the end of the transitional period (1 % or less of flocks remaining positive for Salmonella Enteritidis or Salmonella Typhimurium), and the real prevalence in 2010 to be reported by the Member States (MSs).
The above mandate has been assigned to the Scientific Panel on Biological Hazards (BIOHAZ), who has established an ad hoc Working Group (WG) to draft an Opinion which should be adopted by the BIOHAZ Panel, before the end of March 2012. Actually, EFSA was also asked to indicate and rank the Salmonella serotypes with public health significance according to Annex III of Regulation (EC) No 2160/2003 3 and to assess the impact of a reduction of the prevalence of Salmonella in breeding flocks of turkeys on the prevalence of Salmonella in flocks of fattening turkeys, but these questions are out of the scope of this assignment.
The three Opinions addressing Gallus gallus have employed a different approach in order to address the quantitative aspects of the questions received. Throughout these experiences, the BIOHAZ Panel and Unit have gained a good understanding of the limitations of the data available for the provision of quantitative estimates of the public health impact due to changes in Salmonella prevalence in poultry populations. The most recent of the Opinions related to Salmonella in broilers is supported by the work of a Contractor (CT/EFSA/BIOHAZ/2010/02) who provided quantitative estimates based on a broiler-target Salmonella source-attribution model (BT-SAM). It is based on the Hald model and uses a Bayesian approach employing microbial subtyping data (Hald et al., 2004) . This type of model allows for the identification of the most important reservoirs of the zoonotic agent, assisting risk managers to prioritize interventions and focus control strategies at the animal production level. The model can provide estimates for the effect on the number of human cases originating from a particular reservoir, if the observed prevalence in that reservoir is changed or for specific subtypes e.g. specific serovars of Salmonella in that reservoir.
Up to now, this source-attribution approach has been considered by WG and Panel Experts as valid when addressing this type of questions, where the use of a classical quantitative risk assessment model (i.e. transmission model) would be impaired due to a lack of data and time limitations. A turkey-target Salmonella source-attribution model (TT-SAM) would support the BIOHAZ ad hoc Working Group User-friendly interface version of the Salmonella source-attribution model for evaluating targets in turkey meat production Supporting publications 2012:EN-259 6
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dealing with turkey flocks (see above EFSA-Q-2010-00899) hereafter referred to as Working Group (WG).
TERMS OF REFERENCE AS PROVIDED BY EFSA
The purpose of the contract is to develop a turkey-target Salmonella source-attribution model (TT-SAM) providing results supporting the BIOHAZ ad hoc Working Group.
According to the Technical Specifications of the Negotiated Procurement Procedure NP/EFSA/BIOHAZ/2011/04, the tasks to be covered by this report:
to evaluate targets specifically answering the Terms of Reference of the Salmonella in turkey flocks mandate (EFSA-Q-2010-00899)
The TT-SAM model should be built on the same mathematical principles as the BT-SAM model and fed with updated data to be discussed with the WG Experts. The data will mainly be provided to the Contractor by EFSA or obtained with the support of EFSA (e.g. human salmonellosis sporadic cases). Data will include for the various MSs (1) prevalences of various Salmonella serovars/serotypes in various animal-food sources (can be both baseline survey data and EU monitoring data), and related (2) food consumption and trade data, (3) data on food-borne outbreaks of Salmonella, and on (4) human salmonellosis cases reported to ECDC.
The TT-SAM model needs to be checked to determine that it had resolved to produce stable results and a sensitivity analysis should be carried out. The Contractor needs to provide the expected rates of salmonellosis cases in the EU MSs (taking into account underreporting) and the percentages in terms of the EU expected rate (mean statistics, 2.5 % and 97. The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
OBJECTIVES
The overall objectives of the tasks covered by this report were to -develop a mathematical model for attributing human cases of Salmonella to responsible foodanimal reservoirs and/or food sources. The model is based on two existing Salmonella sourceattribution models developed in the WinBUGS software as part of previous EFSA service contracts (CT/EFSA/BIOHAZ/2010/02 and CT/EFSA/ZOONOSES/2010/02).
-apply the model to evaluate the expected public-health effects (i.e. reduction in number of human salmonellosis cases) by setting specific targets for the occurrence of Salmonella in fattening turkey flocks in EU Members States (MSs) as requested by the mandate given by the EU Commission (EFSA-Q-2010-00899).
MATERIALS AND METHODS

Principle of the Bayesian subtyping approach for source attribution modelling
The microbial subtyping approach involves characterisation of isolates of the pathogen by phenotypic and/or genotypic subtyping methods. The principle is to compare the distribution of subtypes in potential sources (e.g. animals and food) with the subtype distribution in humans, and the approach is enabled by the identification of strong associations between some of the dominant subtypes and a specific food-animal reservoir, providing a heterogeneous distribution of subtypes among the sources. Subtypes exclusively or almost exclusively isolated from one source are regarded as indicators for the human health impact of that particular source, assuming that all human infections with these subtypes originate only from that source. Human infections caused by subtypes found in several reservoirs are then distributed relative to the prevalence of the indicator types.
The Bayesian model first described by Hald et al. (2004) attributes domestically acquired laboratoryconfirmed human infections caused by different Salmonella subtypes (e.g. serovars, phage types, antimicrobial resistance profiles) as a function of the prevalence of these subtypes in animal and food sources and the amount of each food source consumed. However, the number of people being infected by a particular subtype in a particular food source supposedly depends on additional factors related to the subtype and food source in question. Therefore, a multi-parameter prior, which accounts for the presumed but undefined differences between subtypes and food sources with respect to cause human infections, was introduced.
The bacteria-dependent factor {q i } can be interpreted as combining survivability, virulence, and pathogenicity of the pathogen to estimate the ability of that subtype to cause disease, whereas the food source dependent factor {a j } estimates the ability of a food source to act as a vehicle for food-borne infections, as well as the sensitivity of the monitoring programme(s) used to obtain the data included in the model. It is, however, emphasised that the estimated values of the bacteria-and food-sourcedependent factors are simply multiplication factors (comparable to regression coefficients in regression analyses) that helps us to arrive at the most likely solution given the observed data. Their relative size can provide an idea about the differences between subtypes and food types with respect to causing human infections, but estimates based on the results of a single model should be interpreted with care. However, by applying the model on a regular basis as new data becomes available, it may be possible to monitor the main sources and dynamics in the occurrence of human salmonellosis and to improve the estimation of the model parameters, including the bacteria-and food-dependent factors.
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The basic equation used to estimate the number of human cases per source and type is defined as follows:
where λ ij is the expected number of cases per subtype i and source j, p ij is the prevalence of subtype i in source j, M j is the amount of source available for consumption in the country, a j is the food source dependent factor for source j, and q i is the bacteria dependent factor for type i. To avoid problems related to identifiability (i.e. overparameterisation) of the model described in Eq. 1, the number of estimated parameters needs to be reduced. The pooling of some subtypes or food sources into groups with similar characteristics is one way of addressing this problem. Depending on the available data, the model can be extended to include other dimensions such as time period (e.g. year) and country, which can also increase the robustness of the model and consequently improve the parameter estimation for instance by assuming that the q-values remain unchanged over at least shorter time periods (Pires and Hald, 2010) and are independent on country. The microbial subtyping approach requires a collection of temporally and spatially related isolates from various sources and humans, and is consequently facilitated by an integrated food-borne disease surveillance programme focused on the collection of pathogen isolates from the major food animal reservoirs and from humans (Pires et al., 2009) . The data quality and availability are considered the biggest limitation of this approach.
A strong advantage of the microbial subtyping approach is that it allows for the identification of the most important pathogen reservoirs, assisting risk managers to prioritize interventions and focus control strategies at the animal production level. Particularly, if repeated on a regular basis, the approach is regarded as a powerful tool to monitor the progress of control and follow the trends in the sources of human infections (Hald et al., 2004; Pires et al., 2009 ).
The results of this type of model can also provide estimates for the effect on the number of human cases originating from a particular reservoir (e.g. turkeys), if the observed prevalence in that reservoir is changed for instance following the implementation of a control program. Given the nature of the model, it will also be able to provide estimates on the expected change in human cases for specific subtypes, e.g. specific serovars of Salmonella.
However, in contrast to a "traditional" farm-to-consumption risk assessment model, the model does not give detailed insight into transmission routes and cannot provide estimates for the expected changes in human infections by the introduction of specific intervention strategies.
The Hald model described above was initially designed with two dimensions: Salmonella subtype and food source. In 2010, the model was extended by Pires and Hald (2010) to include a temporal dimension (year) for trend analyses within a single country. By including a temporal dimension, the model was able to produce more robust results and it was assessed that even with only serotyping data User-friendly interface version of the Salmonella source-attribution model for evaluating targets in turkey meat production Supporting publications 2012:EN-259 9
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Through the EFSA service contracts CT/EFSA/BIOHAZ/2010/02 and CT/EFSA/ZOONOSES/2010/02, the Hald model was adapted to the EU level by including MS as a third dimension. The model produces attribution estimates at the overall EU level as well as MSspecific estimates, and allows for exploring the Salmonella contribution from food traded between MSs by accounting for export and import figures for the included food sources.
2.
Development of a source attribution model for evaluating Salmonella targets in turkey flocks (EFSA mandate: EFSA-Q-2010-00899)
As described above, two mathematical models for Salmonella source-attribution at the EU level have been developed through two independent EFSA service contracts (the BT-SAM model from the CT/EFSA/BIOHAZ/2010/02 and the EU-Salmonella Source Attribution (EU-SSA) model from the CT/EFSA/ZOONOSES/2010/02). However, the two models are in principle addressing the same questions and employing the same type of data.
The specific model developed to answer the turkey target mandate is in the following referred to as: TT-SAM.
The mathematics of the TT-SAM model
The TT-SAM model was set up in a Bayesian framework and estimates the number of human sporadic and domestic cases attributed to each source per country (λ cji ), assuming that the observed number of sporadic cases per subtype per country (o ci ) is Poisson distributed:
Poisson (o ci ) =∑ λ ci , and
where λ ckji is the expected number of cases per serovar i and source j reported in country c and caused by food produced in country k, p kij is the prevalence of serovar i in source j in country k, m ckj is the amount of source j available for consumption in country c produced in country k, a cj is the sourcedependent factor for source j in country c, and q i is the subtype-dependent factor for serovar i. When c is equal to k the food originates from the country in which the case is reported.
The multi-parameter priors constituted a subtype-dependent factor (q i ) and food-source-dependent factor (a cj ) and were defined as uninformative prior distributions (uniform distributions). The subtypedependent factor was estimated as a one-dimension parameter (q i ), meaning that it is a property of the Salmonella serovar and assumed independent of the country of infection. The q i prior for S. Enteritidis was defined as 1, and all q i values were estimated relatively to this one. q i describes the differences in the ability of the various Salmonella serovars to cause human disease, accounting e.g. for differences in the serovars' survivability through the food chain and potential differences in pathogenicity. The food-source-dependent factor (a cj ) was assumed to vary between countries, accounting for variations in consumption patterns not captured by m ckj . This factor may also include general variations between sources like the bacterial load/concentration in the food, and processing, handling or preparation practices. The model parameters are presented in Table 1 .
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The predictive ability of the model was assessed by estimating the ratio between the observed Salmonella cases (sporadic human cases reported in each country) and the number of cases predicted by the model.
The model was set up in WinBugs 1.4 (http://www.mrc-bsu.cam.ac.uk/bugs/).
Input data for the TT-SAM model
Data for the TT-SAM were provided by EFSA and by EFSA through ECDC. For some MSs, additional data were requested in case the data reported through the EU Summary Reports and the TESSy were considered insufficient. Data were in general provided as Excel files or SAS datasets, although some data were found in monitoring reports in the format of Word or PDF documents. Details of the data (i.e. choice of data and MSs to be included) were discussed thoroughly with the ad hoc BIOHAZ WG drafting the Scientific Opinion.
The following data were agreed upon:
Reported cases of human salmonellosis
The following data on the reported human salmonellosis were used as input to the model: number of reported cases per Salmonella serovar and MS in 2010 number of reported travel-related cases per Salmonella serovar and MS in 2010 number of reported outbreak-related cases per Salmonella serovar and MS in 2010
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Data on human reported cases, including information on serovar and travel information were provided by EFSA through ECDC 4 (TESSy 5 ). For some MSs, the serovar details in the TESSy data were insufficient and additional data were obtained by requests made by EFSA's BIOHAZ unit. Salmonella outbreak data were provided by EFSA's Biological Monitoring (BIOMO) unit. For one country, sufficient human data were not available/provided, and this MS was excluded from the model. Details of the data used for each MS is presented in Table 2 .
The total number of reported cases included sporadic, travel and outbreak-related infections. Travelrelated cases were reported as "imported". Information on imported cases varied in frequency and quality. The proportion of travellers varied greatly among MSs and for a few MSs, the travel-related cases represented the majority of all salmonellosis cases and for other MSs (9), no travel cases were reported. Data on domestic versus travel-related cases are, therefore, often incomplete. In the source attribution model, all records with missing or unknown travel information were considered domestically acquired in the reporting country.
The number of outbreak-related cases per serovar and country were identified and subtracted from the total number of domestically acquired cases to estimate the number of sporadic cases if this was not already done by the reporting country. One outbreak was assumed to contribute with one sporadic case.
Reported human isolates that were not classified to the serovar level or in which data were reported in aggregated form were reassigned to specific serovars according to proportions observed in the same dataset, in additional national datasets or in previous studies as indicated in Table 2 . Isolates classified as serogroups were distributed among serovars pertaining to those serogroups, in accordance with the Kauffman-White-Le Minor Scheme 9 th edition (WHOCC-Salm, 2007) . Isolates classified as "Salmonella, serovar unknown", Salmonella Subspecies I, Salmonella enterica ssp. enterica, Salmonella spp. or "Salmonella spp., unspecified" were distributed among all serovars observed in the reference documents or datasets, also using the appropriate proportions. When some serovars were specifically reported and others were aggregated as "Others", the aggregated numbers were reassigned to serovars not specified in the original data, following the distributions observed in the reference documents or datasets. Isolates identified as S. User-friendly interface version of the Salmonella source-attribution model for evaluating targets in turkey meat production
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Underreporting factors
To take account for differences in human case underreporting between MSs, the TT-SAM model includes underreporting factors for the MSs. These underreporting factors were kindly provided by Prof. Arie Havelaar, a member of the BIOHAZ Working Group. The methodologies used for estimating the underreporting factors are described in Havelaar et al. (accepted) . The underreporting factors are estimated based on data from 2009 and included as probability distributions in order to account for uncertainty around the data. A lognormal distribution was found to provide a good fit of the data and the estimated means and standard deviations were used as model input (Table 3) . The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
Criteria for selecting which animal-food data to include in the model were agreed upon in the BIOHAZ WG and followed the principles in Table 4 . For the poultry sources, prevalence figures were obtained from the EU harmonised monitoring data for 2010 as reported by the MSs in EUSR (EFSA and ECDC, 2012) . For four countries, no prevalence data were reported and the prevalence was assumed to be zero, because the production of the respective poultry species was very small. Three MSs reported not having commercial turkey flocks and one MS reported only 40 000 birds in the BS conducted in 2006/7 (Table 5) . Data regarding serovar distribution were obtained using the selection criteria in Table 4 . For a few MSs, it was necessary to use the serovar distribution from the Baseline Surveys (BS) in broilers (4 th choice) (Table  5 : Cyprus, Hungary and Slovakia). For Slovakia, also the overall prevalence in broilers was obtained from the BS, as the reported data for 2010 only included prevalence figures for S. Enteritidis and S. Typhimurium.
For prevalence and serovar distribution in slaughter pigs, data from the BS conducted in 2006/7 was used, since no EU-wide harmonised monitoring program is established for this species. Malta and Romania did not participate in this study and Malta was excluded from the model on this basis. For Romania, data from swabs of pig carcasses reported in EUSR 2010 were used (EFSA and ECDC, 2012) .
In general for the distribution of serovars, aggregated data or isolates with no serotyping information (e.g. isolates reported as "Other serovars") were redistributed to specific serovars according to proportions observed in the same dataset, in additional national datasets or in previous studies as indicated in Table 5 .
Based on the availability of human and animal food data, a total of 25 MSs were included in the model (Table 5) .
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Serovars included in the model
Based on the top-15 serovars reported in humans and the top-5 in each of the four food-animal sources, the following serovars were selected to be included separately in the model: 
Production and trade data
Ideally, the TT-SAM model should employ consumption data of the specified food sources. However, national consumption data do not generally include information of the origin of the food (i.e. the country in which the food where produced), which is considered to be an essential part of the model because of the extensive trade of foods between MSs. Therefore, an approximation is used, where the amount available for consumption produced in a MS is estimated as:
Amount available for consumption = production -export
In addition, the amount of food imported to one MS from another MS was estimated as well in order to consider trade between MSs.
Data on production of the animal-food sources were extracted by EFSA from the EUROSTAT and provided as Excel files. Production data for broilers and turkeys were taken from the 2010 AVEC report (AVEC, 2011) , as the EUROSTAT data does not provide information for the separate poultry species. For pig, the weight of slaughtered carcasses per MSs in 2010 was used as a measure of domestic production. Finally for eggs, data on the production of shell eggs were extracted from FAOSTAT 6 , since these data were missing from many MSs in the EUROSTAT data.
All information on trade between MSs was extracted from EUROSTAT database 7 (dataset name: DS-016890-EU27 Trade Since 1988 By CN8). Export data as reported by the MSs were used for both estimating import and export. This was done in order to use only one table realising that there was a high degree of disagreement of the data reported in the export and import tables for each food source. The unit used for expressing the amount of food produced and exported was tonnes.
The amount available for consumption produced in a MS was as mentioned above estimated as: Production -export. In some instances, this resulted in negative production values i.e. the amount exported were larger than the amount produced within the country. In order to ensure that MSs would still have nationally produced food available in their own country, it was assumed that imported products could also be re-exported. Data availability and data used are presented in Appendix A. The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
Baseline model and scenario analysis
In order to answer the terms of references as provided by the EU Commission, the following baseline model (i.e. the model for which the different scenarios should be compared against) and scenarios were agreed upon in the WG:
Baseline. The actual prevalence of all Salmonella serovars as reported by the MSs in 2010. The prevalence of S. Enteritidis and S. Typhimurium were used as reported in 2010 while the distribution of the other serovars took the ratio as reported elsewhere (see selection criteria in Table 4 ) Scenario 1. The transitional target, i.e. combined prevalence of S. Enteritidis and S. Typhimurium = 1 % (or less) using the current ratio The baseline model estimated the number of human cases per MSs, serovar and animal reservoir (source) as explained in section 2.1. By summing these figures by MS and serovar, the estimated number of human cases per animal reservoir was calculated. The same model approach was used for the different scenarios, but here the prevalences of certain serovars were changed according to descriptions above and the results of the baseline model and the scenario in question were then compared. For all scenarios, the prevalences of Salmonella spp., S. Enteritidis and S. Typhimurium were kept as reported in 2010, if they were already below 1 %.
Since the baseline model took account for the amount available for consumption as well as trade between MSs, it is expected that food source with a relatively high consumption in most countries and where also large amounts are traded between MSs will contribute relatively more to the overall human salmonellosis burden. Because turkey meat is consumed relatively less often when compared to the other sources, we therefore decided also to calculate the relative risk per tonne of meat available for consumption in EU. This was simply done by taken the estimated number of case attributed to each reservoir and divide this with amount available for consumption. These figures were then presented as the relative risk compared to turkey meat.
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RESULTS
Results of the baseline model
The results of the baseline model are presented in Table 6 . As explained above, the baseline model applied to the extent possible reported monitoring data and human surveillance data from 2010 except for slaughter pigs, where the baseline survey data from 2006/7 were used.
The results indicate that 2.6 % (95 % CI: 1.2-5.2) of all human salmonellosis cases (i.e. estimated true number of cases when accounting for underreporting) in the EU were attributed to the turkey reservoir. This corresponds to 135 100 (95 % CI: 60 790-293 600) human cases in 2010.
For the other animal-food sources included in the model, the attribution estimates were that 56.8 % (95 % CI: 48.2-65.8), 10.6 % (95 % CI: 5.1-18.3) and 17.0 % (95 % CI: 11.3-24.0) of the estimated number of human salmonellosis cases could be attributed to the pig, broiler and laying hen reservoir, respectively.
Thirteen percent (692 600; 95 % CI: 336 200-1 281 000) of human cases could not be attributed to any of the included source. A proportion of these were reported as known travel-related. The results presented in Table 7 shows the distribution of the estimated turkey-associated cases by serovar. Around 63 % of the turkey-associated human salmonellosis cases were caused by serovars other than the currently regulated serovars S. Enteritidis and S. Typhimurium. However, S. Enteritidis and S. Typhimurium were still among the most important serovars from turkeys. Four serovars (S. Kentucky, S. Saintpaul, S. Senftenberg and S. Kottbus) had turkeys as the most important reservoir for human infections (Appendix B), although the occurrence of these serovars in turkeys was limited to a minor number of MSs (4-10 MSs). It should be noted that among these, S. Kentucky was in 2010 among the top-5 serovars reported in humans.
Based on the results in Table 7 , it was decided to include the top-6 serovars (i.e. S. Enteritidis, S. Kentucky, S. Typhimurium, S. Newport, S. Virchow and S. Saintpaul) from the turkey reservoir in the scenario 6 analysis.
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The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. From Table B1 (Appendix B), it can also be seen that the vast majority of human S. Typhimurium infection was estimated to be related to the pig reservoir. Pigs appeared to be the most important source of S. Enteritidis infections, but also laying hens (i.e. consumption of eggs) and broilers contributed significantly.
At the EU population level, the baseline model estimated the pig reservoir to be the most important source of human infections, followed by the laying hen and broiler reservoir. However, when looking at the relative risk between turkey meat and the other three sources weighted by the tonne of meat/eggs available for consumption, this picture changes, indicating that the risk of infection for the individual consumer is highest when consuming shell eggs (i.e. laying hen reservoir) closely followed by the consumption of pig meat, whereas the risk is lower for turkey and broiler meat (Table 8 ). The relative risks can be interpreted as the risk of salmonellosis for the individual consumer when consuming e.g. 100 g of shell eggs is 2 times higher than when eating 100 g of turkey meat.
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4.
Results of the scenario analysis Table 9 and 10 present the estimated effects on human cases attributable to the turkey reservoir under the seven scenarios explored.
Not surprisingly scenario 4, where the overall prevalence (i.e. the combined prevalence of all serovars) in turkey flocks per MSs is reduced to 1 %, has the largest effect with an estimated reduction in the number of turkey-associated human cases of 83.2 % (95 % CI: 79.0-87.4) compared to the situation in 2010. In absolute numbers, this corresponds to an estimated reduction of 112 300 (95 % CI: 50 410-243 400) human salmonellosis cases (Table 10 ). Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 0.4 % ( Table 9 ).
This scenario was followed by scenario 6, where the combined prevalence of the top-6 serovars of turkeys that contribute most to human cases is reduced to 1 % or less in turkey flocks per MSs. Under this scenario, an estimated reduction in the number of turkey-associated human cases of 37.2 % (95 % CI: 19.2-54.0) compared to the situation in 2010 was obtained. In absolute numbers, this corresponds to an estimated reduction of 48 110 (95 % CI: 22 580-100 500) human salmonellosis cases (Table 10) . Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 1.7 % ( Table 9 ).
The scenario with the least reduction was scenario 1, i.e. where the achievement of the current target of the EU control programme of Salmonella in turkey broiler flocks would be met (i.e. the combined prevalence of S. Enteritidis and S. Typhimurium being 1 % or less, and keeping the prevalence for the other 21 serovars as reported in 2010). This analysis resulted in an estimated reduction in the number of turkey-associated human salmonellosis cases of only 0.4 % (95 % CI: 0.1-1.3) compared to the situation in 2010. In absolute numbers, this corresponds to an estimated reduction of 594 (95 % CI: 121-1 901) human cases (Table 10) . Since all MSs except one have already met the transitional target, this result is not unexpected.
For all scenarios, it should be noted that the individual MSs' contributions to the estimated reductions vary greatly depending on the turkey flock prevalence reported in 2010.
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Goodness of fit of the model
Results of the goodness of fit test showed that the model fit was satisfactory for the vast majority of the countries (Figure 1 ). Poor fit was observed for countries with poor data availability or quality, in particular for two countries. The baseline model was therefore run without these two countries in order to assess the overall influences. The results showed that the relative attribution estimates changes very little (results not shown) and it was concluded that the poor data from these countries did not influence the results of the overall model.
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Figure 1:
Ratio between the reported (observed) and estimated number of human salmonellosis cases by MS. A ratio around 1 indicates that the model fits the data well, whereas a ratio higher than 1 means that the model tends to underestimate the number of cases and an estimate below 1 reveals an overestimation.
DISCUSSION
Model assumptions and data uncertainty
The attribution of human Salmonella infections to food-animal sources in the EU on the basis of available data implied a number of assumptions:
All major food sources of human salmonellosis in EU are included in the model;
The sampling schemes and data collection of the EU harmonised monitoring programs in broilers, laying hens and turkeys, and the baseline survey of slaughter pigs generate data that are representative of animal reservoirs and MSs;
The foodborne outbreak reporting system captures all large Salmonella outbreak with around the same detection sensitivity in each MSs;
The TESSy generates data that are representative of the occurrence of human salmonellosis in each MSs as well as the serovar distribution;
If no travel information was reported or if it was recorded as "Unknown", the human Salmonella infection was assumed to be acquired in the country where it was reported;
The EUROSTAT production and trade data reflects the true flow of food in EU and food imported into a country is generally also consumed in that country, unless the amount produced in a country is less than the amount exported; in such cases re-exportation of imported food was assumed; The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
The ability of a Salmonella serovar to cause infection (as represented by q) is a characteristic of the serovar and independent of time period and country of isolation;
Food preparation practices and consumption patterns influence the estimated ability of a food source to act as a vehicle for infection, and so the source-dependent factor a cj varies from country to country.
Due to data limitations and data uncertainty, it is obvious that some of the above assumptions can be questioned. It is not possible to quantify the effect these assumptions and data uncertainties may have on the model results, but some of the most important data issues identified include:
Salmonella occurrence in animal reservoirs. The model includes only data on animal reservoirs for which there exist comparable data of reasonably good quality for the majority of MSs i.e. EU harmonised monitoring data for the poultry species and the baseline survey data for pigs. As mentioned above, it is assumed that these represent all the important sources of human salmonellosis, but food sources like beef, dairy products, and fruits and vegetables are not included, although they are known to act as vehicles for Salmonella.
Omitting the cattle reservoir from the model due to lack of data, may have the consequence that a proportion of human cases were wrongly attributed to a reservoir with a similar serovar distributions i.e. pigs. An EU-wide baseline study of Salmonella in cattle or beef could be considered to investigate the role of the cattle reservoir as a source of human infections.
It is emphasised that the subtyping approach employed is tracing human infections back to the animal reservoir of origin. This means that human infections caused by fruits and vegetables contaminated with faeces from an animal reservoir would be traced back to this reservoir, if produced in EU. For some type of risk management decisions (relating to control in primary production) this may be appropriate, whereas for other decisions (relating to control in later stages of the food chain), alternative attribution approaches may need to be explored.
Salmonella contaminated foodstuffs imported from outside the EU are likely to be the source of some human salmonellosis cases in EU, and their importance are not accounted for by the model unless they resulted in outbreaks that were reported in the EU Summary Report in 2010. From the results of an attribution study using outbreak data, fruits and vegetables were estimated to contribute with 1.2-2.6 % to the burden of human salmonellosis in the EU in 2007 (Pires et al., 2011 .
Food-borne outbreak data. There are differences in the level of detail in the reporting provided by the different EU MSs, which may reflect differences in the methodology and degree of outbreakinvestigation carried out between MSs. In particular, the lack of harmonisation of food categories makes it difficult to apply the data for source attribution.
Sporadic human salmonellosis.
It is well-recognised that there are differences in the level of reporting of human foodborne infections in the EU MSs reflecting both differences in the methodologies used as well as the degree of reporting of human salmonellosis. To the extent possible, underreporting was accounted for in the model, but the estimation of the underreporting factors is based on Swedish travellers data, which in itself involves some degree of uncertainty by assuming that the incidence rate among travellers returning from a particular country is the same as the overall incidence rate in the country's native population (Havelaar et al., accepted) .
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Level of subtyping detail. Another data limitation for the subtyping approach was linked to the reporting of aggregated data or data with no or sparse serotyping information by some countries. To overcome this, records were reassigned based on defined criteria and from some countries more complete data sets were obtained. These issues as well as the lack of further subtyping information (e.g. phage typing) on S. Enteritidis and S. Typhimurium may have resulted in attribution of some human cases to the wrong source. For instance, phage typing of S. Enteritidis would most likely have resulted in a better distinction between the pig, broiler and the laying hen reservoir in MSs, where S. Enteritidis is widely prevalent in two or more of these sources.
Production and trade data. Ideally the same data source e.g. EUROSTAT should have been used to obtain information on the production of the different animal foods included in the model. However, as explained above the EUROSTAT production data for table eggs were insufficient and poultry meat is not reported by poultry species. Consequently, other data sources, where data are collected using different methodologies, were applied. This may have resulted in amounts of food available for consumption that is not representing the same level of aggregation for each of the animal food sources included in the model. For instance using the weight of slaughtered carcasses for pigs as an approximation for the amount available for consumption, may have resulted in an overestimation as compared to the other sources, as the whole pig carcass is obviously not consumed.
7.
Model results compared to other attribution studies
As described in section 2, the TT-SAM model is based on the same mathematical principle as the two other models developed for EFSA in 2011; namely the BT-SAM model (Vose et al., 2011; EFSA Panel on Biological Hazards, 2011) and the EU-SSA model (Pires et al., 2011) . However, the models are employing different datasets and it is therefore not possible to make a direct comparison of the models. First of all, the TT-SAM includes 25 MS, and thus more MSs than the BT-SAM (three more MSs) and the EU-SSA (one more MSs). Secondly, the TT-SAM model includes only 2010 data except for pigs, where the baseline survey data were used. The two other models are for the human data based on an aggregation of three years data (2007) (2008) (2009) and for the animal reservoirs, the models are employing the baseline survey data for broilers (broiler carcasses), slaughter pigs and turkey flocks, and the 2008 monitoring data for laying hen flocks.
The results from the BT-SAM and the EU-SSA models are quite similar and, as explained, the models are based on almost the same data, except that the EU-SSA is including two more MSs. In contrast, the TT-SAM model estimates a substantial lower number of egg-related cases and a higher number of pig and broiler-meat related cases (Table 11) .
Before discussing specific possible explanations for these discrepancies, it is important to note that the total number of reported human cases in EU has decreased in the period from 2007 to 2010. In 2007, approximately 154 000 cases were reported, which corresponds to around 8.85 million cases when accounting for underreporting. In 2010, these numbers were reduced to 99 000 reported cases and 5.41 million "true" cases. This reduction of the total burden of human salmonellosis must be expected to change the attribution estimates, particular the relative estimates, following the logic that if one or more sources contribute significantly less to the overall burden other sources will contribute relative more. The observed reduction in human cases is largely explained by a reduction in the number of S. Enteritidis cases, which are recognised to be particularly associated with shell-egg production. The EU harmonised monitoring put in place in 2008 and the setting of MS-specific targets for S. Enteritidis and S. Typhimurium occurrence in laying hens is assessed to be the main factor responsible for this development. This is strongly supported by the fact, that the prevalence of S. Enteritidis in laying hens
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has decreased significantly in the same time period (i.e. 2007-2010) (EU SR, 2012) . We believe that a part of the high increase (from around 28 % in the BT-SAM and EU-SAM model to 56 % in the TT-SAM) in the proportion of cases attributed to pig meat can be explained by this factor. This is also supported by the results of the EU-SSA model when looking at the MS-level. In the EU-SSA model, laying hens/eggs were estimated to be the most important source of salmonellosis in Austria, Czech Republic, Estonia, Germany, Greece, Hungary, Latvia, Lithuania, Luxembourg, Slovenia, Slovakia, Spain and the United Kingdom, whereas pig meat was estimated to be most important source of Salmonella in Belgium, Cyprus, Finland, France, Ireland, Italy, Poland and Sweden. As the prevalence of Salmonella (and in particular S. Enteritidis) has decreased in laying hens in the majority of MSs since 2008, it is likely that pig meat is becoming the most important source in more MSs.
Still, when looking in Table 11 , there also seems to be an absolute increase in the number of pigrelated cases. Possible explanations for this include that in the TT-SAM model the monophasic variants (1,4,[5] ,12:i:-) of S. Typhimurium are included in the group of S. Typhimiurium. Since the monophasic strains are emerging rapidly in many MSs and pig meat is associated with S. Typhimurium infections, pig meat related infections should be expected to increase. Other explanations that are linked to the availability and quality of data as also described above include:
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Other potentially important sources of human salmonellosis like beef and dairy products are not included in the model. Some infections related to the cattle reservoir are therefore likely to have been wrongly attributed to pigs.
In MSs, where S. Enteritidis is prevalent in both slaughter pigs and laying hens, the lack of further subtyping data (e.g. phage typing) makes it difficult for the model to distinguish between the two sources. Some S. Enteritidis cases may therefore have been wrongly attributed to pigs instead of laying hens (shell eggs). In fact, it is also likely that the number of broiler-related S. Enteritidis infections has been overestimated for the same reason.
Finally, in MSs with reasonably good travel data it can be seen that a large proportion of the S. Enteritidis infections are linked to travel. It is assumed that this would also be the case in many of the MSs with poor or no travel data. Unfortunately, it is not possible for the countries with travel data to distinguish between infections acquired within and outside EU. However, if a substantial number of these are acquired outside EU, they will wrongly have been attributed to one of the sources included in the model, and mainly pig meat and laying hens/shell eggs.
Denmark and the Netherlands have for many years used microbial subtyping to estimate the relative importance of different sources to human salmonellosis. Comparing these national estimates with the MS-specific estimates coming out of the TT-SAM model is another way of validating the model results. For Denmark, the TT-SAM model estimates that for the human cases reported in Denmark, 19 %, 2 %, 8 % and 5 % can be attributed to pigs, broilers, eggs and turkeys, respectively. Data from Denmark show that the same estimates based on the national model in 2010 were 22 % for pigs, 0.7 % for broilers, 1.8 % for eggs and 1 % for turkeys (Anonymous, 2011) . The somewhat lower estimate for eggs may be explained by the fact that the Danish model does not consider the impact of imported eggs, whereas this is included in the present model through the use of trade data.
For the Netherlands, the present model estimates that 20 %, 14 %, 23 % and 6 % of cases can be attributed to pigs, broilers, eggs and turkeys, respectively. In comparison, the national estimates for the Netherlands for 2010 were 19 % for pigs, 18 % for broilers, and 29 % for eggs (Aalten et al., 2011) . It should be noted that turkeys are not included as a putative source in the Dutch model. Both the Danish and Dutch model uses subtyping for further distinction between sources, employs better travel data and includes additional sources such as the bovine reservoir. Still, the TT-SAM model provides MSspecific estimates for these two countries that are in accordance with published national estimates. Unfortunately, only a few MSs produce such data.
The EU-wide baseline survey data are in general considered valid and provide the best available data for comparison between countries. The main issues are that not all MSs participated in all surveys, that the surveys differ in time and that the surveys are becoming outdated. Particular the latter makes the use of the baseline survey data for future attribution studies questionable, as the Salmonella situation in both human and animal reservoirs is dynamic and must be expected to change over a period of time, particularly when targeted control programs are implemented. Data reported as part of the EU harmonised monitoring are therefore going to be the primary data used for these kind of models, but they suffer from the fact that even though the minimum requirement for the monitoring is harmonised, national surveillance systems still differs with respect to e.g. sampling frequencies and the detail with which the serovar distribution is reported.
In conclusion, despite data limitations and the resulting uncertainty in the results, the source attribution estimates are considered to reflect the best current knowledge about which sources are most important for human salmonellosis in the EU, and highlight differences in the contribution of different foodanimal sources for disease and on the efficiency of surveillance systems in place in EU MSs. The results are expected to be useful for the delineation of risk management strategies.
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CONCLUSIONS AND RECOMMENDATIONS CONCLUSIONS
The TT-SAM model estimated that 2.6 % (95 % CI: 1.2-5.2) of all human salmonellosis cases (i.e. estimated true number of cases when accounting for underreporting) in the EU were attributed to the turkey reservoir. This correspond to 135 100 (95 % CI: 60 790-293 600) human cases in 2010.
However, when looking at the relative risk between turkey meat and the other three sources weighted by the tonne of meat/eggs available for consumption, this picture changes, indicating that the risk of infection for the individual consumer is highest when consuming shell eggs closely followed by the consumption of pig meat, whereas the risk is lower for turkey and broiler meat.
Around 63 % of the turkey-associated human salmonellosis cases were caused by serovars other than the currently regulated serovars S. Enteritidis and S. Typhimurium. However, S. Enteritidis and S. Typhimurium were still among the most important serovars from turkeys. Four serovars (S. Kentucky, S. Saintpaul, S. Senftenberg and S. Kottbus) had turkeys as the most important reservoir for human infections.
In the situation, where the overall prevalence (i.e. the combined prevalence of all serovars) in turkey flocks per MSs is reduced to 1 % (scenario 4), a reduction in the number of turkeyassociated human cases of 83.2 % (95 % CI: 79.0-87.4) compared to the situation in 2010 was estimated. In absolute numbers, this corresponds to a reduction of 112 300 (95 % CI: 50 410-243 400) human salmonellosis cases. Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 0.4 %.
In the situation, where the combined prevalence of the top-6 serovars of turkeys that contribute most to human cases is reduced to 1 % or less in turkey flocks per MSs (scenario 6), a reduction in the number of turkey-associated human cases of 37.2 % (95 % CI: 19.2-54.0) compared to the situation in 2010 was estimated. In absolute numbers, this corresponds to a reduction of 48 110 (95 % CI: 22 580-100 500) human salmonellosis cases. Overall, this scenario was estimated to reduce the percentage of human turkey-associated cases from 2.6 % to 1.7 %.
The least reduction was obtained in the situation, where the achievement of the current target of the EU control programme of Salmonella in turkey flocks would be met (i.e. scenario 1). This analysis resulted in an estimated reduction in the number of turkey-associated human salmonellosis cases of only 0.4 % (95 % CI: 0.1-1.3) compared to the situation in 2010. In absolute numbers, this corresponds to an estimated reduction of 594 (95 % CI: 121-1 901) human cases. Since, all MSs except one have already met the transitional target, this result is not unexpected.
Some Salmonella reservoirs (e.g. cattle/beef) were not included in the model due to poor data availability and quality. It is therefore likely that the contribution of the human salmonellosis cases allocated to the animal reservoirs included in the model, particularly pigs, have been overestimated.
Besides the statistical uncertainty reflected in the credibility intervals in the model results, other factors contributed to the uncertainty of the validity of the results. These include the User-friendly interface version of the Salmonella source-attribution model for evaluating targets in turkey meat production
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variability in the human surveillance systems in place in the countries as well as the different details with which serovar information is reported in both the human and animal food source data. Such uncertainties cannot be statistically quantified, but should be kept in mind when interpreting the results.
The lower attribution estimate obtained for the laying hen reservoir (i.e. shell eggs) by the TT-SAM model as compared to previous models is supported by data, since both the reported number of cases in EU (particularly S. Enteritidis cases) and the prevalence of Salmonella (particularly S. Enteritidis) in laying hen flocks have been decreasing from 2008 to 2010. The improved surveillance and control of S. Enteritidis in laying hens in many MSs is assessed to be responsible for a major part of this reduction.
The reduction of the overall burden of human salmonellosis must be expected to change the attribution estimates, particular the relative estimates, following the logic that if one or more sources contribute significantly less to the overall burden other sources will contribute relative more. The high relative attribution estimate obtained for pig meat by the TT-SAM model, is believed to be partly explained by this.
RECOMMENDATIONS
The role of the pig reservoir presumable through the consumption of pig meat was estimated by the TT-SAM model to have increased both relatively and absolutely when compared to the results from the BT-SAM and the EU-SSA models. Although, the number of cases attributed to pig meat may have been overestimated, pig meat is likely to be the most important source in a majority of MSs. Harmonised monitoring and control of Salmonella in pigs and pig meat should therefore be considered.
Some of the uncertainty in the results presented in this report occurred as a consequence of the lack of harmonized Salmonella subtyping in EU countries. It is recommended to provide more comparable subtyping data (e.g. phage typing, molecular typing and antimicrobial resistance testing) from both human and animal-food sources from all MSs. This would improve future source attribution studies and trend analyses.
The systems for reporting of human salmonellosis cases vary considerably between MSs making it difficult to compare incidences and the effect of EU-wide Salmonella control. A continuous effort to provide comparable and harmonized data on human salmonellosis in all MSs is therefore recommended. This should include efforts to quantify the level of underreporting.
The cattle reservoir is recognized as a source of human salmonellosis, but was not included in the subtyping approach due to lack of comparable data. It may be considered to conduct an EU-wide baseline survey of Salmonella in cattle or beef to investigate the role of beef as a source of human infections.
The microbial subtyping approach should be repeated on a regular basis (e.g. every 3 to 5 years) in order to evaluate the effect of Salmonella control in the various food-animal sources and to follow the trends and dynamic changes in the sources of human salmonellosis.
Supporting publications 2012:EN-259 29
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. User-friendly interface version of the Salmonella source-attribution model for evaluating targets in turkey meat production
Supporting publications 2012:EN-259 31
